INTRODUCTION
It is well known that sunlight on the earth contain about 5% of UV-ray which causes several problems such as photodegradation of organic materials, discoloration of painting, damages to human health such as sunburn, suntun, acceleration of aging, causing cancer, etc [1] [2] [3] . Therefore, damaging effects of UV rays have attracted attention nowadays and various UV-shielding materials have been developed in response. Generally, organic UV-absorbents show excellent UV-absorption ability, however, they are suspected to be absorbed in the body through the skin, raising safety concern when used at high concentration. Accordingly, attention has been focused on the stable and safe inorganic UV-absorbents.
DESIGN OF INORGANIC UV-SHIELDING MATERIALS
In order to cut off UV-ray less than 400 nm in wavelength by inorganic materials, the electric transition of semiconductors possessing bandgap energy about 3 eV are used. In addition, UV shielding materials are also expected to be transparent in the visible light range. The light scattering can be depressed by decreasing particle size as shown in FIGURE 1 2) , and the particles became quite transparent when the particle size becomes less than 20 nm, since the Rayleigh scattering (s) is in proportion to the particle size to the sixth power as shown by eq. (1).
(1) K: constant, d: grain size, λ: light wavelength Now, nanoparticles of titania, zinc oxide and ceria have been commercially used as inorganic sunscreens in personal care products, since they can effectively cut off UV-ray of the wavelength less than 400 nm as shown in FIGURE 2. It is well known that the high refractive indice of titania can make the skin look unnaturally white. In addition, TiO 2 and ZnO possess high photocatalytic activity and generate reactive oxygen species which are suspected to cause damages to DNA in the body. In contrast, calcia-doped ceria possessing band gap energy of about 3 eV corresponding to the electric transition from oxygen 2p to cerium 4f state and a lower refractive index is quite transparent in visible light so FIGURE 1 Relationship between the light scattering and particle size that looks natural on the skin 4) . In addition, calcia-doped ceria shows quite low photocatalytic activity. Therefore, calcia-doped ceria nanoparticles have recently commercially used as a new inorganic UV-blocking materials 4) .
In addition, inorganic UV-shielding materials are demanded to show excellent comfort when applied on the skin. FIGURE 3 illustrates the relation between the particle size, transparency and comfort when applied on the skin 5) . Generally, the transparency of particles can be improved with decreasing particle size, but the comfort of nanoparticles is not good because of the agglomeration. In contrast, the micrometer sized plate-like particles such as mica, talc, etc. provide good comfort and are used as extender pigments for cosmetics. These plate-like particles are often used to improve the comfort of inorganic UV shielding materials. However, the combination of UV-shielding inorganic nanoparticles with conventional extender pigments results in a decrease in the UV-shielding performance since these materials do not possess UV-absorption ability.
PANOSCOPIC ASSEMBLING
In order to improve the feeling of wearing nanoparticles of inorganic UV-shielding materials without loss of UV-shielding performance, the panoscopic assembling of nanoparticles with plate-like semiconductor particles possessing UV-shielding ability as shown in FIGURE 4 is conducted 5, 6) .
FIGURE 4 Schematic illustration of the panoscopic assembling of plate-like semiconductor/UV-absorbent nanoparticles.
As-expected, by coating calcia-doped ceria, Ce 0. Therefore, it is clear that coupling semiconductor nanoparticles with plate-like semiconductor possessing UV-absorption ability results in two advantages such as better comfort upon application and improved coverage ability of semiconductor nanoparticles on the skin. These factors may enhance the UV-shielding ability of calcia-doped ceria nanoparticles.
FIGURE 8 Schematic illustration of the assembling of calcia-doped ceria nanoparticles combined with plate-like titanate particles.
PLATE-LIKE CERIUM PHOSPHATE PARTICLES
In order to further improve the UV-shielding performance of ceria nanoparticles, the plate-like semiconductor particle used are expected to show excellent absorption ability of UV-A (λ = 320-400 nm), excellent affinity with ceria, low photocatalytic activity and low reflective index. Plate-like microparticles of hydrated cerium phosphate, Ce 2 (PO 4 ) 2 HPO 4 . H 2 O, which possesses two dimensional layered structure (FIGURE 9) 7, 8) and smaller band gap energy than layered titanate showing better absorption ability of UV-A (FIGURE 10) 9,10) can be easily prepared by the hydrothermal reactions of Ce(SO 4 ) 2 in H 3 PO 4 aqueous solutions (FIGURE 11) 9, 10) . It is also expected that Ce 2 (PO 4 ) 2 HPO 4 . H 2 O show better affinity to ceria since PO 4 3-ion in hydrated cerium phosphate may be strongly adsorbed at Ce 4+ site in ceria according to the Fajan-Paneth' rule 11, 12) . 3) together with those of calcia-doped ceria, Ce 15, 16) It is a great advantage when they are used for cosmetics material.
The kinetic friction coefficients (µ) of the artificial leather before and after applying plate-like cerium phosphate powders on are shown in TABLE 1, where the relationship among the friction force (f), kinetic friction coefficient (µ) and applied force (N) to the material after moving can be written by eq. (5). 
